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Hypocalcemia is the most frequent major complication following total thyroidectomy (TT), delaying
timely hospital demission. We prospectively evaluated the diagnostic utility of parathyroid hormone
(PTH) measured one hour after TT and the delta (post-minus pre-surgery) PTH in order to determine
which biomarker best predicted post-surgery hypocalcemia.
Ninety-six consecutive patients, with either plurinodular goiter, Graves' disease or cervico-mediastinal
goiter (22 (23%) men and 74 (77%) women, mean age 48.5 ± 15.2 and 47.9 ± 13.2 years, respectively),
scheduled to undergo TT were enrolled. PTH was measured prior and one hour after surgery. Delta PTH
was deﬁned as one-hour post-surgery values minus pre-surgery PTH level. Hypocalcemia was deﬁned as
a calcemia under 8.0 mg/dL. Receiver operating characteristic (ROC) analysis was used to evaluate the
Area Under Curve (AUC), sensibility and speciﬁcity of the two biomarkers for the occurrence of hypo-
calcemia. Forty-nine (51%) patients presented biochemical values under the cut-off but only 17 (18%) had
clinical symptoms.
Both variables yielded statistically signiﬁcant AUC (PTH one-hour post surgery: 0.654; p ¼ 0.0403; 95%
CI: 0.519e0.773 and delta PTH: 0.659; p ¼ 0.0263; 95%CI: 0.527e0.776). Although comparison of the two
ROC curves did not yield signiﬁcant differences, delta PTH yielded a better sensitivity and PTH one-hour
post-TT yielded a marginally better speciﬁcity (sensitivity of 50% and 87% and speciﬁcity of 76% and 67%
for cut-offs of <39.8 pg/dl and <54.5 pg/dl, respectively).
Both biomarkers have similar diagnostic accuracy for hypocalcemia, and can be used to indicate when
supplemental therapy should be implemented in order to favor a timely discharge.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Total thyroidectomy (TT) is universally suggested for benign
pathologies [1] of the thyroid gland and accordingly the number of
these procedures has been increasing dramatically the last 10 years
[2]. Even if the most indicated surgical technique is used, the per-
centage of the most frequent post-operative complication, tran-
sient hypocalcemia, is high and represents the major cause of
premature failure, late discharge and hospital re-admissions [3].
Direct or indirect damage, by devascularization of the parathyroid
glands, is the main cause of hypocalcemia after TT, but several
factors affect the development of this complication [4].
Predictive information on the development of postoperative
hypocalcemia would permit the implementation of a series of
therapies aimed at reducing symptoms and preventing improper or
delayed discharge. Traditionally, daily monitoring of serum calciumental and Clinical Sciences,
tini, 66100 Chieti Scalo, Italy.
by Elsevier Ltd. All rights reservedhas been used. This biomarker can be altered even 24e48 h after
surgery. As part of an early and safe patient discharge, the dosage of
parathyroid hormone (PTH) was tested as a biomarker of post-
operative hypocalcemia, showing good sensitivity and speciﬁcity,
especially if dosed 1 h after surgery [5]. Even if the authors
demonstrated a strong correlation between PTH and postoperative
hypocalcemia, it was not possible to determine the absolute level of
PTH that was associated with hypocalcemia. That is because the
PTH level can be affected by many factors such as sex, hyperthy-
roidism, and Vit.D rate; factors that can affect the absolute dosage
of the hormone [6].
The aim of this study was to evaluate prospectively the PTH
dosage to 1 h by comparing the percentage of decline between pre-
and post-operative PTH in order to determine the best predictor of
hypocalcemia after total thyroidectomy.2. Methods
From June 2012 to June 2013, ninety-six consecutive patients
scheduled to undergoTTwere enrolled. The underlying diseasewas.
Fig. 2. Receiver operating characteristic curves for the one-hour post-operative PTH
levels as a diagnostic biomarker for hypocalcemia.
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cervico-mediastinal goiter (8 patients). The study population
included 22 (23%) men and 74 (77%) women, mean age 48.5 ± 15.2
and 47.9 ± 13.2 years, respectively.
Two endocrine surgeons using the same technique performed
the total thyroidectomy. PTH was measured one hour prior and
after surgery. Delta PTH was deﬁned as one-hour post-surgery
values minus pre-surgery PTH levels. Hypocalcemia was deﬁned as
a serum calcium level under 8.0 mg/dL 24-h post-surgery.
Receiver operating characteristic (ROC) analysis was used to
evaluate the Area Under Curve (AUC), sensibility and speciﬁcity of
two biomarkers for the occurrence of hypocalcemia were calcu-
lated using Medcalc version 13.
3. Results
No intraoperative complications and mortality were observed.
The average duration of surgery was 64 ± 16 min. Forty-nine (51%)
patients presented biochemical values under the cut-off but only 17
(18%) had clinical symptoms. The average hospitalization was 2 ± 1
days.
Both considered variables yielded statistically signiﬁcant AUC
(PTH one-hour post surgery: 0.654; p¼ 0.0403; 95%CI: 0.519e0.773
and delta PTH: 0.659; p ¼ 0.0263; 95%CI: 0.527e0.776).
(Figs. 1 and 2). Although comparison of the two ROC curves did
not yields signiﬁcant differences, delta PTH yielded a better
sensitivity and PTH one-hour post-TT yielded a marginally better
speciﬁcity (sensitivity and speciﬁcity of 50% and 87% and 76% and
67% for cut-offs of <39.8 pg/dl and <54.5 pg/dl, respectively)
(Figs. 1 and 2).
In the follow-up only one patient presented persistent
hypocalcaemia.
4. Discussion
The transient hypocalcemia remains the most frequent
complication after TT with an incidence ranging from 1.6 to 50% [7].
Direct or indirect damage to the parathyroid glands is the most
common cause of hypocalcemia and the damage appears to be inFig. 1. Receiver operating characteristic curves for the delta PTH (post-minus pre-
operative levels) as a diagnostic biomarker for hypocalcemia.most cases temporary, so that only 1e3% of cases will be affected by
a permanent hypocalcemia [8]. Apart from bleeding, hypocalcemia
is themost common cause of delayed discharge and/or readmission
after TT [9].
Knowing which patients will experience a hypocalcemia will
allow us to anticipate therapy in order to reduce symptoms and
guarantee a timely and safe discharge. Several studies have inves-
tigated predictors of hypocalcemia after TT with this aim. It was
reported that women and a diagnosis of Graves disease before
surgery [10], as well as people with a low level of Vit.D [11], have a
higher risk for post-operative hypocalcemia.
The possibility of using PTH dosage as a predictor of hypocal-
cemia after surgery has been proposed. Different protocols have
been implemented in order to identify the best timing and we
noticed that a single control between 10 m and 6 h is enough to
obtain a reliable result with good speciﬁcity and sensitivity [12].
The initial enthusiasm that led to think to be able to identify
with an accuracy of 100% the hypocalcemia, after surgery, dosing
the PTH has been progressively decreased, getting more and more
experience. Grodski et al. reported that 7% of patients with normal
PTH may experience hypocalcemia, although of moderate entity
[13]. It is also been reported that the rate of PTH can be altered by
diseases, such as Basedow disease, or conditions such as Vitamin D
deﬁcit [14]. It has been shown, in fact, that in patients with a deﬁcit
of vitamin D, the dosage of PTH after surgery is not useful as a
predictor of hypocalcemia. [15]
In order to overcome these limits, we wanted to compare the
dosage at one-hour with the decrease between pre- and post-
surgery PTH levels to identify the best biomarker of hypocalcemia
after TT. Our results indicate that hypocalcemia occurred in 51%
cases, but this ﬁgure is affected by the cut-off that we wanted to
give to normal serum calcium value (8 mg/dL). In fact, only 18% of
the patients had clinical symptoms, but 11 patients (11.4%) had
serum calcium between 7.5 and 7.9.
Our results indicated a statistically signiﬁcant AUC for both
the dosage of PTH one-hour and delta PTH. A comparison of the
two ROC curves did not present signiﬁcant differences although
there was a better speciﬁcity and sensitivity of the difference
between PTH pre PTH compared to one hour. In our experience
A. Bove et al. / International Journal of Surgery 12 (2014) S202eS204S204this ﬁgure is true especially for patients whose basic level of PTH
is abnormal.
The results of our study show lower values of speciﬁcity and
sensitivity compared to other studies [16] and we think that it may
be due in part to the percentage of patients with Graves disease
included in the case histories. Even Lombardi et al. [17] reported a
false-negative rate of 13.4% and concluded that the predictive value
is high only with PTH levels below 10 pg/ml, while in case of minor
reductions the datum is not accurate enough.
Some authors have proposed the replacement therapy of cal-
cium and vitamin D for all patients subjected to TT [18]. This
approach may lead to a reduction in the incidence and severity of
hypocalcemia after surgery, but it requires an “overtreatment” for
more than 50% of the patients, whose follow-up will be impacted
negatively thus increasing health expenses.
Ultimately both the studied biomarkers were effective in pre-
dicting hypocalcemia after surgery with a slightly better result
obtained with the delta PTH. Both biomarkers can be used to aid in
obtaining a safe and timely discharge after total thyroidectomy.
These results will require the identiﬁcation and classiﬁcation of
patients according to different clinical features before surgery in
order to maximize the diagnostic accuracy of these biomarkers.
Funding
All authors have no source of funding.
Ethical approval
No ethical approval was necessary.
Author contribution
Bove A.: conception and design the study; drafting the article.
Di Renzo R.M.: interpretation of data, revising the article.
Palone G.: interpretation of data, ﬁnal approval of the version to
be submitted.
D'Addetta V.: acquisition and interpretation of data.
Percario R.: acquisition and analysis of data.
Panaccio P.: analysis and interpretation of data.
Bongarzoni G.: revising the article, ﬁnal approval of the version
to be submitted.
Conﬂicts of interest
All authors have not conﬂict of interest.References
[1] M. Marchesi, M. Biffoni, F. Tartaglia, F. Biancari, F.P. Campana, Total versus
subtotal thyroidectomy in the management of multinodular goiter, Int. Surg.
83 (3) (1998 Jul-Sep) 202e204.
[2] R. Cohen-Kerem, P. Schachter, M. Sheinfeld, E. Baron, O. Cohen, Multinodular
goiter: the surgical procedure of choice, Otolaryngol. Head Neck Surg. 122 (6)
(2000 Jun) 848e850.
[3] F. Pattou, F. Combemale, S. Fabre, et al., Hypocalcemia following thyroid
surgery: incidence and prediction of outcome, World J. Surg. 22 (7) (1998 Jul)
718e724.
[4] G. Dionigi, A. Bacuzzi, V. Bertocchi, et al., Prospectives and surgical usefulness
of perioperative parathyroid hormone assay in thyroid surgery, Expert Rev.
Med. Devices 5 (6) (2008 Nov) 699e704.
[5] T.N. Le, P.D. Kerr, D.E. Sutherland, P. Lambert, Validation of 1-hour post-
thyroidectomy parathyroid hormone level in predicting hypocalcemia,
J. Otolaryngol. Head Neck Surg. 43 (2014 Jan 29) 5.
[6] P. Tredici, E. Grosso, B. Gibelli, M.A. Massaro, C. Arrigoni, N. Tradati, Identiﬁ-
cation of patients at high risk for hypocalcemia after total thyroidectomy, Acta
Otorhinolaryngol. Ital. 31 (3) (2011 Jun) 144e148.
[7] L. Rosato, N. Avenia, P. Bernante, et al., Complications of thyroid surgery:
analysis of a multicentric study on 14,934 patients operated on in Italy over 5
years, World J. Surg. 28 (3) (2004 Mar) 271e276.
[8] A.R. Zambudio, J. Rodríguez, J. Riquelme, T. Soria, M. Canteras, P. Parrilla,
Prospective study of postoperative complications after total thyroidectomy for
multinodular goiters by surgeons with experience in endocrine surgery, Ann.
Surg. 240 (1) (2004 Jul) 18e25.
[9] C.R. McHenry, “Same-day” thyroid surgery: an analysis of safety, cost savings,
and outcome, Am. Surg. 63 (7) (1997 Jul) 586e589 discussion 589e590.
[10] A. Bove, G. Bongarzoni, G. Dragani, et al., Should female patients undergoing
parathyroid-sparing total thyroidectomy receive routine prophylaxis for
transient hypocalcemia? Am. Surg. 70 (6) (2004 Jun) 533e536.
[11] Y. Erbil, N.C. Ozbey, S. Sari, Unalp, et al., Determinants of postoperative hy-
pocalcemia in vitamin D-deﬁcient Graves' patients after total thyroidectomy,
Am. J. Surg. 201 (5) (2011 May) 685e691.
[12] S. Grodski, J. Serpell, Evidence for the role of perioperative PTH measurement
after total thyroidectomy as a predictor of hypocalcemia, World J. Surg. 32 (7)
(2008 Jul) 1367e1373.
[13] S. Grodski, P. Campbell, L. Delbridge, et al., Australian endocrine surgeons
guidelines AES06/01. Postoperative parathyroid hormone measurement and
early discharge after total thyroidectomy: analysis of Australian data and
management recommendations, ANZ J. Surg. 77 (2007) 199e202.
[14] J. Rutledge, E. Siegel, R. Belcher, D. Bodenner, B.C. Stack Jr., Barriers to same-
day discharge of patients undergoing total and completion thyroidectomy,
Otolaryngol. Head Neck Surg. 150 (5) (2014 May) 770e774.
[15] P.V. Pradeep, K. Ramalingam, Postoperative PTH measurement is not a reliable
predictor for hypocalcemia after total thyroidectomy in vitamin D deﬁciency:
prospective study of 203 cases, World J. Surg. 38 (3) (2014 Mar) 564e567.
[16] O. Edafe, R. Antakia, N. Laskar, L. Uttley, S.P. Balasubramanian, Systematic
review and meta-analysis of predictors of post-thyroidectomy hypocalcaemia,
Br. J. Surg. 101 (4) (2014 Mar) 307e320.
[17] C.P. Lombardi, M. Raffaelli, P. Princi, et al., Early prediction of post-
thyroidectomy hypocalcemia by one single iPTH measurement, Surgery 136
(6) (2004 Dec) 1236e1241.
[18] R. Bellantone, C.P. Lombardi, M. Raffaelli, et al., Is routine supplementation
therapy (calcium and vitamin D) useful after total thyroidectomy? Surgery
132 (6) (2002 Dec) 1109e1112 discussion 1112e1113.
